Software Engineering Case Tools and Learning
Education and learning are ongoing and dynamic. As such, our teaching and learning styles and methodologies must be continually reviewed to respond to developments in technology and to the changing demands of society. In universities, as well as in other educational institutions, online computer resources are seen as essential.
Software Engineering is a relatively new discipline grown from rapidly expanding demands in IT and computing. CASE, Computer Aided Software Engineering, is defined broadly: ".. as tools and methods to support an engineering approach to software development at all stages of the process. By 'engineering approach' we mean a well-defined, coordinated and repeatable activity with accepted representations, design rules and standards of quality." (Forte and Norman, 1992) .
Students need to master numerous software packages during the course of their studies. This is especially so within Software Engineering and Computing programs. These packages are constantly changing, being updated and replaced, with a commensurate increase in complexity. Many professionals in industry who have to maintain state of the art skills also face similar problems to our students in learning these packages. By looking at CASE tool software, this research aims to address learning issues that can aid our approaches to teaching software packages along with considering transferable skills users need to keep up with the dynamic and developing nature of software change. The CASE tool used in this research is Rational Rose (Rational, 1999) , a professional package, which is currently gaining increased support and recognition within industry. We need to expose our students to software with similar capabilities to commercial software, as well as meeting our educational requirements. This package achieves these objectives (Fowler and Allen, 1999) , but its complexity poses the same problems for us in education as for professionals in industry.
CASE tools
CASE tools support software development, being applicable at some or all stages of the development process, and are now more than ever becoming a key area in Software Engineering. The complete Software Development Life Cycle (SDLC) needs support as software systems become more complex, large and often critical. Software costs each year are increasing and modest improvements in productivity of software would mean significant savings (Fuggetta et al., 1993) .
CASE tools are aimed to address the difficulties of developing high quality, complex software on time and to budget. Consequently, CASE was thought to provide the solution and these tools were hailed as the answer to the software crisis (Pressman, 1997) . However, "CASE has not been the panacea promised by earlier hype", (Gabel, 1994) . Most studies show that CASE tools do positively impact quality and productivity (Iivari, 1996) despite having been slow to be adopted by industry (Holt, 1997; Dutta, Lee and Wassenhove, 1999) . Statistics show (Kermerer, 1992) after one-year of introduction that:
70% of case tools are never used 25% are used by only one group 5% are widely used but not to their full capacity.
Cited reasons suggested for CASE tools not having been adopted include:
• The learnability and usability of CASE tools is therefore of paramount importance and investigating learning issues will help both students in education and professionals within industry.
Learning: the construction of knowledge
Learning is a process of acquiring and synthesising ideas and concepts. The process not only involves obtaining information but also full participation by the learner. No longer are the traditional roles of teacher/student: teacher giving, student accepting, considered the only way to learn or even the best way (Kolb, 1984) .
Currently-accepted education theory rejects the behaviourist premise that rote learning, reliant on frequent reinforcement of responses, models the way people acquire knowledge (Fosnot, 1996) . While behaviourism embodies one of the key principles of positivism: that knowledge of the world can only evolve from observation of objective facts and phenomena, cognitivists claim that a person's response to stimuli is individual and depends on their cognitive state and the mental processes occurring (Dalgarno, 1996) . The acknowledgement of a reciprocal relationship between learning and memory (what we learn is affected by its meaningfulness, that meaning is determined by what is remembered and that memory is affected by what we learn (Winn and Snyder, 1996) ) and between knowledge and environment has led to a philosophical shift within educational psychology, from objectivism to constructivism. No single correct model of knowledge is widely accepted but knowledge construction depends on:
• what is already known • previous experience • organisation of these experiences • beliefs that the individual uses to interpret the reality of objects and events encountered (Bruner, 1962; Vygotsky, 1978; Piaget, 1980) .
A debate has arisen between cognitive and social constructivists, based on the relative importance placed on individual construction or socio-cultural effects on learning. An individual's cognitive structures are observed only in context, within a culture, but cultural knowing is also a dynamic interplay of individual interpretations, transformations and constructions (Phillips, 1995) .
The consequences of this philosophical shift, and more specifically of the constructivist debate, are not clear for teaching and learning with online resources, with differing views extending from moderate to radical (Dalgarno, 1996) .
Our cognitivist approach to research in this area has focussed on the styles of learning that apply to either different categories of learners, or the learning of different categories of material, providing insights into individual differences in learning and performance. The challenge is to identify the successful mental modelling strategies of the learner or to modify the learner's approaches to learning ( McLoughlin, 1999) .
Effective use of complex packages cannot be achieved by behaviourist based drill and rote learning but necessitates a constructivist approach based on experience and exploration. Software applications, and particularly CASE tool software, can be viewed as microworldsthey provide an abstract environment that models the real world from a software development perspective. Microworlds, allow the user to create a construction, which will behave in a way consistent with the concepts being modelled (Papert, 1993; Rieber, 1994) . A substantial software package should be designed to be flexible enough to allow the user the opportunity to work within the microworld of the package but allow for variation from individual learners who have different learning styles. The importance of learning styles on the construction of knowledge is therefore paramount, coupled with the support for the individual learning style of the user by the software package.
Social constructivists recognise that people and teachers play an active role in the learning process. How the teacher presents a software package will also impact on the student learning process.
Evaluating Usability and Learnability
Usability and learnability of a software package are serious concerns for the area of Human Machine Interaction. Designers have tried for years to seek more direct interaction with users during both the design phase and post development stages of a system or software package in order to assess the interface and its usability (Nielsen, 1993) .
Feedback from surveys, interviews, online suggestion boxes, newsletters and online user groups can provide valuable information on a system and whether it meets its design requirements and how well it has been accepted.
Heuristic evaluation is an informal method of analysis where an evaluator studies the interface looking for usability problems and passing judgement according to their own opinions and experience (Nielsen, 1993) . This method has been extensively used, but is heavily reliant on the evaluator and very subjective.
Co-operative evaluation has been widely employed; a user is observed whilst performing a task and asked to think aloud. The main issue here is that the observational data is hard to interpret (Nielsen, 1993) . The cost and time factors involved are enormous and finding appropriate users is also a problem.
Automatic support and reliable measurable quantities can reinforce and complement results from these methods (Lecerof and Paterno, 1998) . Automating the collection of data would allow greater numbers of tests to be performed in a more cost effective and unbiased way.
The purpose of this research is to perform analysis of software use in a quantifiable manner. For example, a measure of performance often used, within the domain of automotive design, is the number of miles/kilometres per gallon/litre. Our aim therefore is to obtain measurements that can be used to assess the software package environment by tracking the online actions of each user, and therefore, addressing the impact of individual learning styles upon the successful usage of the CASE tool.
Individuals are different and these differences affect how a user interacts with a software package. The variation in success when observing a small group of engineering students perform a difficult two hour, ten step, exercise on our CASE tool was extreme: some students completed the task successfully, one actually stormed out of the room completely frustrated. The most successful students, measuring success as completion of the task, followed the ten steps rigorously. The unsuccessful students tended to want to search around in the package and investigate things for themselves. These anecdotal observations have led us to investigate the learning styles of our students and to consider the different aspects involved in the construction of knowledge.
The initial concept of this research was based on a small but significant investigative study to examine the learning issues surrounding a CASE tool (Fowler and Allen, 1999) . These results have now guided our investigation of learning styles to the development of an online analyser to monitor use and navigation within the CASE tool.
We aim therefore to draw together the two sides of the theories of constructivism in order to develop a learning style methodology for learning online and in particular learning CASE tools.
Learning Styles
The first phase is to examine learning issues confronting our software engineering students when using CASE tools. The research will then extend into the software industry where the particular CASE tool is being used. The emphasis is on learning styles and teaching methods rather than on student assessment. This study will aid the acceptance of CASE tools in industry and help bridge the learning gap that these complex tools present.
Whilst there are numerous instruments for assessing learning styles, those advocated by Kolb, Learning Style Inventory, (1984) , and Soloman and Felder, Index of Learning Styles, (1999) are well known, and accepted within education theory (Montgomery, 1995) . Both instruments provide an efficient way of analysing our students' learning styles and complement each other on the information they supply.
Kolb views the learning process as a four-stage cycle: concrete experience followed by observation and reflection, which leads to the formation of abstract concepts and generalisations, which leads to hypotheses. The hypothesis can then be tested leading to new experiences and the cycle continuing. The Kolb Learning Style Inventory is a simple test based on experiential learning theory. It looks at four stages of the learning process: concrete experience (CE), reflective observation (RO), abstract conceptualisation (AC), and active experimentation (AE). A series of twelve questions are presented, with the user ranking four possible answers for each question. Special care is required when explaining to the clients the ranking process. The users' learning style, (Burns, 1989) , can then be identified as either:
• Accomodator: What if? people. Often start with what they see and feel then plunge in and seek hidden possibilities. They learn by trial an error and self-discovery • Diverger : Why or why not? These people study life as it is and reflect on it to seek meaning. They learn by being involved and need to listen and share with others • Converger: How? These people start with an idea and try it out, they like to find out how things work and learn by testing theories • Assimilator: What? people. These people come up with ideas and then reflect on them. They like to know what the experts think.
Our results build upon our previous studies (Fowler et al., 2000) . The learning styles of our engineering students are diverse, and span diverger, assimilator and converger types compared with the general arts students who are heavily assimilators, Table 1 , indicating the variety of student types that our programs attract. This result is excellent given the multidisciplinary nature of our curriculum content but we need to be able to cater for all of these student types. Our staff are showing a greater tendency to assimilator and converger types; this is in line with Kolb (1984) -that engineering is a good career area for convergers and that teaching suits assimilators. Students whose learning styles are compatible with the teaching style of a course instructor tend to retain information better, obtain better grades and maintain a greater interest in the course (Felder, 1993 ). An introduction of online course material removes the reliance upon face-to-face teaching, compensating for the mismatch in learning styles between student and instructor but introduces a reliance on the new medium, which may not suit all learners. We are now developing our online material taking into consideration the range of student learning styles.
The Index of Learning Styles (Soloman and Felder, 1999 ) is an instrument to assess learning preferences on four dimensions; active/reflective, sensing/intuitive, visual/verbal, and sequential/global. This instrument consists of forty-four simple questions with a choice between two possible answers.
The results from Table 2 show that:
• 55% of the engineering students learn best actively, yet our teachers are mainly reflective • 70% of the engineering students are sensors, yet our teachers tend to be intuitive • 79% of the engineering students are visual, yet traditionally material is presented to them verbally or in written form • 36 % of the engineering students are global learners, yet teaching is often narrowly focused.
Our results for students are similar to those of Mackenzie, (1998) who surveyed 75 Mechanical Engineering students; although our students are showing a greater tendency to sensory (70% compared with 56% from Mackenzie's studies).
Soloman (email to author, November 2, 1999), has surveyed large volumes of students via her online site and her results show that:
• 80% of all students are active learners • 55% are sensors and 60% for engineers • 75% are visual learners • 60% are sequential learners.
Interestingly, the profile of the general arts and commerce students is very similar to that of the engineering students, Table 2 , but the Kolb survey, Table 1 , has differentiated more clearly between the learning styles of these two groups. The greater tendency towards assimilators for the general arts students is consistent with Kolb's description of assimilators, as being less practical and more creative.
Application of Learning Style Results
Currently, we introduce Rational Rose by means of an online tutorial, which consists of a tenstep exercise, taking approximately two hours to complete, using all stages of the package to finally generate skeleton code for a small program.
From our results, in Table 2 , it can be seen that:
• at least half of our engineering students are active learners and hence using practical hands-on sessions directly supports their learning style. This hands-on approach also supports sensory learners
• 36% of our engineering students are global learners and we are directing them to work sequentially. We now aim to provide an initial 30-minute quiz, which will necessitate students searching through the package and therefore obtaining a global view of the software's capability. This approach should also appeal to the active learner who is keen to see how it works • the majority of learners are visual and special attention has been given to the look of our teaching material, using colour, movement, and a variety of visual prompts. The package itself is particularly visual with its adherence to the UML modelling language and associated graphical icons • approximately half of our engineering students are reflective learners. Application of Felder and Silverman's idea -stopping several times in a teaching session to pause for thought and pose a short question for discussion - (Felder and Silverman, 1988) would benefit these students. This technique, in the context of the online exercise, would assist in breaking up the long two-hour session, making the experience more stimulating and rewarding.
A suggestion by Felder (Felder, 1993) is to talk to students about their learning styles and the strengths and weaknesses associated with each style. We have now incorporated a topic into our first year Foundation Unit (a general unit which the majority of students complete) to survey and discuss student learning styles. This then gives the student an awareness of issues surrounding their learning and how to get the best from the courses.
Future phases
The next phase of our research is to develop our analyser to monitor patterns of movement within the CASE tool by coding scripts embedded into Rational Rose. This analysis of our microworld will be correlated to the students' learning style.
Continuous surveying of first year learning styles is now in place and future developments will also involve surveying students at the end of their degrees to monitor any changes.
Professionals from industry will be included in the long term study for comparison. Extrapolation of our results will enable us to address the training needs of the software industry and hence aiding the uptake of these essential tools.
Conclusion
Learning is a complex process and, as described by the constructivist paradigm, knowledge is internally constructed by the learner. This paradigm encompasses a collection of different perspectives but acknowledges that learning involves making meaning of experiences and therefore that knowledge constructed by the learner is unique.
By identifying individual student learning styles and monitoring student use of the CASE tool software our research is addressing the following critical questions:
• How is knowledge constructed and is this process dependant upon learning style?
• Do software packages, and in particular CASE tool software, allow for different learners with different learning styles to construct the knowledge necessary to use the package? • Does the way the teacher presents a software package impact on the student learning process? • Can students having an understanding of their learning styles construct knowledge more effectively in a learning environment contrary to their individual style?
Many software packages and tools are initially self taught or assessed and they are often perceived to be complex. This adds to the difficulty of learning CASE tools and consequently on their uptake within industry. An awareness of how software professionals and students learn will help the approach to tackling these difficult packages.
This research sets the foundation for future work, to develop an online learning methodology, whereby learner characteristics can be used to establish an environment to support the construction of knowledge in students. 
